and velocity of the moving load. When compared to shifts in the natural frequencies, it has been verified that the proposed approach generally enjoys a higher sensitivity (so damage can be detected at an early stage), is more effective closer to the ends of the bridge (where shear studs are more likely to be damaged), and displays an ordered set of results (which would reduce the possibility of a false damage). Further work is required to assess the effects of uncertainties and the adoption of more refined models for the moving load.
Abstract
A novel approach of damage detection in composite steel-concrete composite beams is suggested. Based on the idea of using the envelope's profile deflections and rotations induced by a moving load, this approach can lead to a practical cost-effective alternative to the traditional use of accelerometers and laser vibrometers. A parametric study has been undertaken, quantifying the sensitivity of the dynamic response of a realistic composite bridge to the presence of damage at different levels of partial steel-concrete interaction and velocity of the moving load. When compared to shifts in the natural frequencies, it has been verified that the proposed approach generally enjoys a higher sensitivity (so damage can be detected at an early stage), is more effective closer to the ends of the bridge (where shear studs are more likely to be damaged), and displays an ordered set of results (which would reduce the possibility of a false damage). Further work is required to assess the effects of uncertainties and the adoption of more refined models for the moving load. 
where θ(t) is the generic response parameter (e.g. deflection at midspan,
109
slope at the supports or the curvature at a given position along the bridge); 
such that Θ 1 ≤ θ(t) ≤ Θ 2 for 0 ≤ t ≤ T , and the amplitude of the envelope 116 is (see Figure 2 (a)):
Alternatively, the amplitude of the envelope can be evaluated as:
where
are the dynamic amplification coefficients for the re-sponse parameter θ(t), given by:
θ g is the static response due to the dead load:
and θ f if the reference value of the static response due to the moving load, i.e.
122
the largest response obtained when the moving forces are applied statically
123
at different positions on the bridge; formally:
where θ 
131
A dimensionless damage measure (DM) D θ can therefore be introduced 132 as:
in which the variation in the extremes of the envelope are: DM associated with the ith modal frequency can be defined as:
Depending on the dynamic characteristics of the structure, as well as on loca- 
Numerical investigations

151
In order to assess the potential for the proposed envelope-based measure 152 D θ (see Eqs. (9) and (10)) to be used as DSF in civil engineering structures,
153
and specifically in composite steel-concrete bridges, a parametric study has small, the effect of a damage in the shear studs at that position will be 228 relatively negligible).
229
As a consequence, the first mode of vibration only shows a good level 
Envelope of deflections
246
In a second stage, it has been numerically verified that the envelope E δ i 247 of the deflection δ i (t) at the output position x = x i−1 can be used as sensitive 
Envelope of rotations and curvatures
Further sensitivity analyses were carried out on the test bridge using the 
